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with the Superposition of ECH on NBI-
plasmas 
Osakabe, M., Okamura, S., Ida, K., Kubo, S., Minami, 
T., Yoshimura, Y., Idei, H., Isobe, M., Matsuoka, K. and 
CHS-group 
The High-Power and High-Ti experimental campaign 
was performed during September 1997 through March 1998. 
In this campaign, the enhancement of the ion-temperature 
measured by the Neutral Particle Analyzer(TiNPA) was 
observed when the Electron Cyclotron Heating was 
superposed on a low density NBI plasma. On the other 
hand, no-significant change was observed on the ion 
temperature measured by Charge Exchange Resonance 
Spectroscopy (TiCXRS). 
Figure 1 shows energy spectra of nearly perpendicular 
particles obtained by NP A. The pitch angle of the measured 
particle is 85 degree at magnetic axis. Closed circles show 
the spectra for NBI -discharges, while open circles do those 
for ECH superposed(NBI+ECH) discharges. Up to 1 keY, 
both of them show good agreement to each other. On the 
contrary, the spectra are different in the energy range 
between 1 and 3 keY. The spectra of NBI discharges seem 
to have a dip around 2 keY. The enhancement of TiNPAin the 
ECH superposed NBI plasma is considered as the result of 
disappearance of this dip. The solid- and dashed-lines in 
Fig.1 show the estimated NP A spectra of bulk ions for NBI 
and NBI + ECH discharges, respectively. In the estimation, 
the hydrogen ion temperature profile is assumed to be same 
as the carbon ion temperature profile which is measured by 
CXRS and the ion density profile is assumed to' be similar to 
the electron density profile. The neutral density profile is 
obtained from the PROcrOR-code analysis, assuming "Cp' 
=10 ms. Re-ionization loss of measured neutral particle is 
considered, here. In the estimated NP A spectra, no 
significant difference is found between NBI and NBI+ECH 
discharges. The dip in the NBI-discharge spectra can not be' 
explained from the difference of the ion temperature, ion 
density and neutral density profiles. 
The other candidate, which might affect the NP A 
spectra, is the electric potential difference. The life time of 
the measured particle is calculated by using full orbit code 
including the electric potential profile, which is estimated 
from the integration of the measured Er-profile obtained by 
CXRS. Figure 2 shows the calculated life time for 1.5 keY 
hydrogen ion. The squares with dashed lines represent the 
calculated life times for the electric potential profile of 
ECH+NBI discharges, while circles with solid lines do those 
for the potential of NBI-discharges. The crosses( +) with 
center dashed lines show the ion-ion collision time at each 
location and the crosses(x) with center triple dashed lines 
show the charge exchange loss time. The open symbols 
show the case where the particles are confined up to the 
truncation limit of the calculation. On the other hand, the 
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closed symbols do the case where those are not. Almost all 
of the cases shown by the open symbols can be considered 
as confined particles, since its truncation time limits are 
comparable to either collision time or charge exchange loss 
time. As shown in Fig.2, the NBI discharge case has an 
enhanced loss region between R=0.98 and 1.04 m. This 
enhanced loss is often called as a resonant loss [1 ]. From 
the similar calculation, it is found that this enhancement is 
significant for the particle energy between 1 keY and 3 keY. 
But, when the particle energy is down below the 1 keY, the 
loss particle can be considered as confined particles since 
the collision time becomes shorter than life time of the 
particle. These calculation results well describe the dip in 
the NP A spectra for NBI discharges. 
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Fig. 1 NP A spectra obtained at NBI discharges ( closed circles) and 
ECH superposed discharges(open circles). The Solid lines and 
dashed lines show the estimated NP A spectra by using the ion 
temperature profile obtained by CXRS measurement for NBI 
discharges and ECH superposed NBI discharges, respectively. 
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Fig. 2 Calculated life time of the hydrogen ions of 1.5 ke V on the 
NP A line of sight. The pitch angle of each ions is assumed to 
match the viewing angle of the NP A. The squares with dashed 
lines show the case ofNBI+ECH discharges, while the circles with 
solid lines do that of NBI discharges. The crosses( + ) with center 
dashed lines show the ion-ion collision time at each location and 
the crosses(x) with center triple dashed lines show the charge 
exchange loss time. 
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